Sleep problems are common in school-aged children and might compromise the function of children and parents and contribute to a poor transition to school, which can result in later academic difficulties. Improvement of child sleep through brief behavioral strategies might improve the school transition.
Poor sleep (ie, insufficient or fragmented sleep) affects more than onethird of school-aged children 1 and is associated with poorer child and parent outcomes. [2] [3] [4] [5] [6] [7] In this age group, the majority of sleep problems are behavioral in nature. For example, in a population sample of 4000 Australian children aged 6 to 7 years, sleep problems such as bedtime resistance and night waking occurred in 16% to 21% of children and were associated with poorer child behavior, health-related quality of life, and learning. 3 Poor sleep might affect a child's transition to formal schooling because of its effects on all 5 of the core school readiness attributes: (1) child physical health and well-being; (2) social competence; (3) emotional maturity; (4) language and cognitive skills; and (5) approach to learning. School readiness, a concept recognized in many countries including the United States, Canada, and Australia, [8] [9] [10] [11] reflects the sum of a child's biology and environmental exposures through the infant and preschool years. Results of longitudinal research suggest that poorer function in these domains can adversely affect later academic and social-emotional outcomes 8 and that both academic and social-emotional trajectories are relatively stable in children from as young as 8 years. 12, 13 Nevertheless, nearly a quarter of all Australian children enter school with limitations in their school readiness. 14 The expression of certain attributes, such as child social and emotional skills and approach to learning, can also be affected by immediate factors that have an impact on the child's day-to-day wellbeing and/or family functioning (including parent mental health). Identification of factors that are readily remediable could optimize children's daily functioning, which might lead to a better transition to formal education. One promising approach is better management of child sleep problems, because of their very high population prevalence as well as their association with school readiness domains. For example, children with behavioral sleep problems are 2 times more likely to have poor social relationships and 3 times more likely to have emotional problems 15, 16 and deficits in scores that reflect language, literacy, and mathematical thinking. 3 In addition, poor sleep is associated with poor parent mental health, 17 which impairs a parent's ability to provide a supportive environment during the school transition period. 18 Moreover, effective treatment might be achieved with the use of brief, parent-oriented behavioral interventions. Behavioral strategies for child sleep problems are accepted by clinicians, 19 and the effectiveness of these strategies in community settings has previously been reported for infants 20, 21 and in small clinic-based trials in schoolaged children. [22] [23] [24] [25] No trials have examined the benefits of the delivery of such interventions in a targeted population of children who have undergone screening to identify sleep problems. 26, 27 We therefore conducted a randomized controlled efficacy trial of a brief behavioral sleep intervention within a population-based framework, which targeted all children in participating schools who had positive screening results for sleep problems in their first year of school. We hypothesized that, compared with control families, intervention families would report fewer child sleep problems; better child health-related quality of life, behavior, and learning; and better caregiver mental health at follow-up assessments performed 3, 6, and 12 months after random assignment to the intervention group.
METHODS

Design and Setting
This randomized controlled trial was nested within a population-based survey used to screen for child sleep problems in children who were new primary school entrants. Ethics approval was obtained from the human research ethics committee at the Royal Children's Hospital, Melbourne, Australia (HREC 27132). Research approval was obtained from the Victorian state department of education and early childhood development, Melbourne, Australia (SOS003739). The components of the study are shown in Fig 1. 28 
Baseline Screening Survey
Twenty-two government primary schools in metropolitan Melbourne participated. These schools were drawn from 3 local government areas selected for low proportions of students with non-English-speaking backgrounds and an intake of Ͼ55 school-entry children. In February through June 2008 and February through March 2009, written questionnaires designed to screen for sleep problems were distributed by school teachers to all parents of children in all new entrant ("prep") classes at these schools.
Trial Eligibility and Recruitment
Parents were eligible for the trial if they reported that their child had a moderate or severe sleep problem (see "Measures" below). We excluded families with insufficient English to complete the survey and children with likely obstructive sleep apnea, as follows. If the parent chose any of these statements: "Child snores loudly at night," "Child seems to stop breathing during sleep," and/or "Child snorts and/or gasps during sleep," Dr Hiscock (a pediatrician with experience in child sleep problems) called the parents to obtain additional information regarding the symptoms and, if referral to a sleep clinic was deemed necessary, excluded the child from the study before random assignment to a study group.
We called eligible families to explain the trial and ascertain interest in the trial. We then mailed a package to the primary caregiver that included detailed study information, consent forms, a more detailed enrollment questionnaire, and a postage-paid reply envelope.
Randomization and Blinding
An independent statistician produced a computer-generated randomization sequence to randomly assign the families by using randomly permuted block sizes of 2 and 4 in a nonsystematic sequence. Allocation to the intervention or control trial arm occurred on receipt of a signed consent form and was performed by a researcher not otherwise involved in the study, which ensured allocation concealment. All direct assessment outcomes were collected by researchers who were blind to the trial-arm status. Parents, who reported the questionnaire outcome data, could not be blinded.
Interventions
Intervention families received a private consultation at their child's school followed by a telephone-based consultation a fortnight later, with a second private consultation after an additional week if requested by the parent. Three research assistants (1 registered psychologist, 1 registered nurse, and 1 trainee psychologist) were trained by Drs Quach and Hiscock for three 2-hour sessions to conduct the intervention. Figure 1 provides details of the intervention program, which involved eliciting a description of the parent's perception of the child's sleep problem and the parent's goals for the child's sleep. Flexible yet standardized behavioral strategies tailored to the child's sleep problem were presented to parents. In addition to being presented with information about age-appropriate normal sleep cycles and given the opportunity to discuss this information, parents were taught about good sleep hygiene practices (eg, providing a good sleep environment, limiting caffeine consumption after school), the importance of consistent bedtime routines on all nights of the week, and behavioral strategies specific to the child' sleep problem, such as bedtime fading with set morning wake times for delayed sleep phase, graduated extinction for limitsetting disorders, and relaxation strategies for anxiety leading to insomnia. Behavioral strategies were based on recommendations from the American Academy of Sleep Medicine and review of current research literature. 29 Parents were provided with a sleep management plan for which they were encouraged to write down up to 3 strategies during the consultation that they were planning to implement to improve their child's sleep. The plan was reviewed during the telephone-based consultation and, if required, was revised at the second face-to-face con- caregivers who requested a more detailed review and revision of their original sleep problem management plan than could be offered during the phone call.
Study follow-up survey: Sent directly to randomly assigned caregivers to assess primary and secondary outcomes.
Intervention feedback survey:
Sent to all intervention families to assess the usefulness and acceptability of the intervention and its components.
Child face-to-face assessment (30 min): Conducted with the child at their school during school hours. Assessment consisted of 2 measures of child academic achievement and health related quality-of-life.
Graphical representation of the study design. RCT indicates randomized controlled trial.
sultation. Clinicians provided studydesigned information sheets as part of the intervention, which included information on normal sleep in children, common sleep problems, and possible strategies for managing each problem. All intervention sessions were conducted by using a standardized consultation sheet in which the consultant recorded key components of the intervention, discussion areas, and information sheets provided.
We did not offer control families assistance for their child's sleep, but they were free to seek help elsewhere, in line with care currently available in the community for such children.
Follow-up
We mailed participating families a survey at 3, 6, and 12 months after random assignment. At 6 months, a researcher directly assessed the child's learning at school, for which 2 researchers were trained to perform assessments by an experienced clinical psychologist.
Measures
Primary Outcome Measure
As the primary outcome measure, we used the primary caregiver's report from the screening survey as to their child's sleep (no, mild, moderate, or severe problem; dichotomized into no/ mild versus moderate/severe). Report of a moderate/severe sleep problem determined the child's trial eligibility. We used caregiver report because (1) parent perception of a sleep problem is a key driver of help-seeking behavior, (2) the definition of what constitutes a sleep problem from a research perspective remains a hotly debated topic, 30 (3) subjective measures are more cost-effective and feasible to use than objective measures for determination of child sleep problems in large population-based settings, 31 and (4) parent report captures behavioral bedtime problems better than actigraphy.
Secondary Outcome Measures
The secondary outcome measures, summarized in Table 1 , comprised measures reported by children and parents as well as direct assessment.
Sample Size
The primary outcome was sleep problem status at follow-up. We assumed that child sleep problems would persist for 60% of children without intervention, 3 and that halving this to 30% would be a 
Statistical Analysis
Intention-to-treat comparisons of the trial arms were conducted for each of the 3 follow-ups, at 3, 6, and 12 months. Linear regression models were fitted to estimate mean differences between trial arms for continuous outcomes, and logistic regression was used to estimate odds ratios to compare binary outcomes between trial arms. All models were adjusted for the baseline score for that outcome, 32 except analyses of child learning and self-reported health-related quality of life, because face-to-face assessments were not conducted with children at baseline. These assessments were not made at baseline because of the need to minimize the period between recruitment and receipt of the intervention to avoid the identification of potential control children by teachers. Because of the random assignment to trial arms, however, baseline equivalence with respect to these factors was likely. We conducted analyses both with and without adjustment for potential confounders chosen a priori through review of the current literature. These potential confounders included child gender, 17,33 parent marital status, 34 and family socioeconomic status. 35 The unadjusted and adjusted analyses of the binary outcomes provided similar results, and we summarized the intervention effect as the difference between the 2 proportions and the unadjusted risk ratio. Confidence intervals (CIs) for the mean differences between trial arms for continuous outcomes were validated by using the bias-corrected accelerated bootstrap method, but the standard model-based CIs are presented. 36 Effect sizes for continuous variables were calculated as the mean difference between trial arms divided by the SD in the control arm. 37 Traditionally, effect sizes are interpreted as small, moderate, and large (ϳ0.20, 0.50, and 0.8 SD, respectively) 38 ; however, in population-based research, effect sizes as small as 0.25 might have great public health significance. 39 All analyses were implemented by using Stata 10.1 (Stata Corp, College Station, TX).
RESULTS
Screening Sample
Participant flow for the screening survey and the targeted intervention is shown in Fig 2. A total of 1512 parents (response rate: 71.0%) completed the survey, and there was no marked difference in child gender or demographic characteristics between those who did and did not complete the survey; 10.8% (95% CI: 9.1-12.3) of parents reported moderate or severe sleep problems, which were associated with poorer child psychosocial health and behavior and parent mental health (all P Ͻ .001).
Baseline Characteristics of the Children in the Trial Sample
Of the 161 children with a moderate/ severe sleep problem, 136 were eligible for the trial and 108 (79.2%) chose to take part (54 intervention, 
FIGURE 2
Sleep intervention CONSORT (Consolidated Standards of Reporting Trials) flowchart.
54 control). One family did not receive the intervention because of absence. However, their data are presented. Table 2 shows baseline characteristics. Scores for child health-related quality of life and behavior were similar to those in a recent nationally representative Australian sample. 3 A total of 36 (33%) of 108 families did not complete all components of the study (all surveys and the face-to-face assessment), and 2 of these families did not complete any follow-up components. Those who did and did not complete all study components had similar baseline characteristics.
Outcomes
Primary Outcome: Parent-Reported Sleep Problems
Sleep problems tended to resolve in both groups, but they resolved more rapidly in the children who received interventions. Thus at 3 months, 33% 
Secondary Outcomes
Results for secondary outcomes are shown in Table 3 . At all follow-up time points, total scores on the Child Sleep Habits Questionnaire were better for intervention than control children. These better scores were driven initially by lower bedtime resistance at 3 (effect size: 0. sion scale (effect size: 0.31; P ϭ .04) was not sustained by 6 months or beyond.
DISCUSSION Principal Findings
In this randomized controlled trial we evaluated the efficacy of a behavioral sleep intervention to treat child sleep problems identified through population-based screening in the first 6 months of formal school. Both the screening and the intervention were feasible and acceptable. Benefits included evidence of more rapid resolution of child sleep problems (primary outcome) and sustained and clinically important improvements in child sleep habits. For secondary outcomes, improvements in child psychosocial function decreased somewhat over the year of follow-up, but the effect sizes that were still evident by 12 months would certainly be important if confirmed. Intervention and control children had similar learning outcomes at 6 months.
Comparison With Other Studies
In this trial our investigation went beyond those of previous studies because we focused on sleep problems of school-aged children at a population level, measured important adverse outcomes related to sleep disturbance, and extended the follow-up period beyond 4 months. [22] [23] [24] [25] The observed benefits, however, were in keeping with the successful outcomes of population-based brief behavioral sleep interventions delivered for infants with sleep problems. 20, 21 In addition, improvements in children's psychosocial health and prosocial behavior suggest the intervention might be favorable for the transition to formal schooling because these areas contribute to school readiness. School readiness, however, was not measured in this trial.
In contrast to previous studies of child sleep and learning, 16, 40, 41 intervention children in our trial did not have better learning at 6 months. This result might indicate that the improvement of sleep problems does not lead to improved learning. Alternatively, our measures might have been insufficiently sensitive to detect change, unlike those used in previous studies, in which investigators focused on skills such as working memory and use of lengthier assessments that might have been more sensitive to change. 42 We focused, however, on policy-relevant domains of reading, mathematics, and spelling and used a relatively brief and simple measure in keeping with our population aims. A third possibility is that learning improvements might lag behind those of sleep; unfortunately, we lacked the resources for an additional 12-month assessment.
Strengths and Limitations
This trial was rigorously conducted and reported in accordance with the CONSORT (Consolidated Standards of Reporting Trials) statement. 43 Strengths of the study included its population basis, high recruitment and retention rates, validated outcome measures, blinded assessment of learning, and follow-up to 12 months after randomization. Although this investigation was an efficacy trial, it was delivered to, and found to be feasible and acceptable for, all children in the participating schools, which makes us optimistic that it could be extended readily to an effectiveness (pragmatic) trial. Additional evidence of generalizability can be inferred from data for the nationally representative Longitudinal Study of Australian Children, 3 which showed rates of moderate-severe sleep problems in children aged 4 to 7 years that were similar to those in our sample at baseline, and rates of spontaneous improvement over 2 years that were similar to those in our control group.
The main limitation of the study was that of power; in this small efficacy trial, only 47 children contributed follow-up data in each of the intervention and control groups. Thus, the study had low power to detect benefits with respect to child psychosocial health. The point estimates for these outcomes, if true, would be important at the population level. The study had a number of other potential limitations. The use of parent-reported child sleep problems might have resulted in response bias if parents in the intervention group were predisposed to report better sleep at outcome and/or a placebo effect existed. However, we note that not all parent-reported outcomes favored the intervention group, which suggests that any placebo effect, if positive, operated differentially. In addition, several of our trials in which we used similar designs (eg 44, 45 ) have yielded null parent-reported outcomes despite very positive parent evaluations, which argues against any expectation of placebo effects. Parent report, however, is the most costeffective and feasible option for a population-based screening measure compared with objective measures such as overnight polysomnography. Parent report reflects parent concern about a child's sleep, which in turn is likely to be the motivator for parents who seek help from a program such as this. 31, 46 Parents were the main source of outcomes data and could not be blinded, so bias could explain our positive findings; as noted above, we were not able to objectively reassess learning at 12 months because of our limited resources. It is not known whether existing school-based health professionals, such as school nurses in Australia, can effectively deliver this intervention with at least the same efficacy.
We are optimistic about this method of delivery, because our interventionists were not sleep experts and received only brief training designed to be replicated on a larger scale. Finally, the relatively advantaged suburbs in which this trial was conducted might limit generalizability of the findings to more disadvantaged children.
CONCLUSIONS AND IMPLICATIONS
This targeted, brief, school-based sleep intervention improved child sleep problems and sleep habits and showed some evidence of leading to improved child psychosocial functioning after successful school-based screening for child sleep problems. This study should now be replicated in a larger effectiveness trial in which the intervention is offered to a population of children with a broader socioeconomic range, is implemented by a school-based health workforce, and is evaluated for its longer-term outcomes and cost-effectiveness. 
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